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Fast Pathway Slow Pathway
Pre-RFA RT FRP CT RT FRP CT
Control 271 ± 22 430 ± 30 161 ± 12 198 ± 14 462 ± 22 273 ± 15
Facilitation 228 ± 25 391 ± 17 132 ± 9 131 ± 15 421 ± 20 231 ± 11
P value 0.003 00007 0.0006 <0.0001 <00001 0.0006
Fast and slow pathway properties were enhanced by facilitation in all pa-
tients. Facilitation significantly decreased the minimal RT. FRP and CT of both
pathways (see table). The window of test impulses over which slow pathway
conduction was observed was significantly increased by the facilitation pro-
tocol (81 ± 17 vs 110 ± 23 ms. p = 0.04) and in four patients facilitation
unmasked dual AV nodal physiology and resulted in AVNRT induction. The
effect of facilitation on fast pathway CT persisted after RFA but changes in
minimum RT and FRP were not observed. Conclusions:
1) Facilitation enhances AV nodal fast and slow pathway function and pro-
motes the induction of AVNRT.
21 The effects of facilitation on fast pathway function are attenuated fol-
lowing slow pathway ablation.
Cyclical Variation in the Occurrence of
Paroxysmal Supraventricular Tachycardia in
Female Patients
Day7 Day 14 Day 21 Day 28
Heart Rate 72± 9 73 ± 13 76 ± 9 76 ± 14
No episodes 28 25 36 49'
Duration 12 ± 14 12 ± 11 21 ± 14 27 ± 11'
Class Lawn >2 3 3 2 9'
Decreased heart rate variability. a manifestation of reduced tonic vagal ac-
tivity. has been reported following radiofrequency catheter ablation (RFCA)
for AV nodal reentrant tachycardia (AVNRT). Disruption of parasympathetic
fibers in the posteroseptal region is the proposed mechanism. Baroreflex
sensitivity (BRS). an index of reflex vagal activity. has not been evaluated in
patients with AVNRT. We studied BRS prior to and immediately following
RFCA in 20 patients with AVNRT(age 13-65 years, mean 42; 15 females. 5
males). Fourteen patients with atrioventricular reentrant tachycardia (AVRT)
and free wall accessory pathways (age 14-46 years. mean 25; 6 females. 8
males) were evaluated as controls (RFCA site far from posteroseptal region I.
BRS (msec/mmHg) was assessed with continuous femoral artery blood pres-
sure (BP) and ECG recordings during the bolus administration of phenyle-
phrine (400 I-'g). BRS was calculated as the slope of the change in cycle
length vs the change in systolic BP during the first sustained rise in BP. At
baseline. prior to RFCA. mean BRS for patients with AVNRTwas significantly
less than for patients with AVRT (8.3 ± 5.9 vs 22.1 ± 10.3; P < 0.0002). This
difference remained significant when controlled for age (p < 0.0002) and
male gender (p < 0.0003). but not for female gender (p < 0.09). Following
RFCA there was no significant change in BRS for patients with AVNRT (9.3
± 7.6) or AVRT (17.3 ± 9.6) compared to pre-RFCA values. This comparison
remained insignificant when controlled for age or gender. These results sug-
gest that in the baseline state, patients with AVNRT have lower reflex vagal
actiVity than patients with AVRT. Reduced reflex vagal activity may contribute
to the development of sustained AVNRT in patients with dual AV nodal phys-
iology. RFCA did not alter BRS in either patient group.
'p < 0.05 Day 28 compared to day7
A significant positive correlation was found between plasma concentra-
tions of progesterone and number and duration of SVT (r2 = 0.81. P < 0.05
and r2 = 0.78. P < 0.05, respectively) while a significant inverse correlation
was found between plasma concentrations of estradiol 17fJ and number an
duration of SVT (r2 = -0.91. P < 0.05. r2 = 0.67, P < 0.05. respectively).
In conclusion female pts with SVT and normal menses exhibit a cyclical
variation in the occurrence of the episodes of SVT with their menses and a
close correlation between the episodes of SVT and the plasma concentra-
tions of ovarian hormones. These data suggest that changes in plasma levels
of ovarian hormones (and their balance) may be of importance in determining
episodes of SVT in such patients.
The role of autonomic tone on antegrade atrioventricular nodal (AVN) con-
Giuseppe M.C. Rosano, Piotr Ponikowski, Eugenio Martuscelli, Fabio De Luca,
Filippo Leonardo. Francesco Romeo. University of Reggio Calabria, Rome and
Catama, Italy
The aim of the present study was to assess the presence of cyclical vari-
ations of episodes of supraventricular tachycardia (SVT) in female patients
(pts) and to correlate their occurrence with the cyclical variation in the plasma
levels of ovarian hormones. The study population included 26 (mean age 36
± 8) female pts with episodes of SVT. included in the study were those with
at least 3 episodes of SVT in 2 consecutive ambUlatory ECG monitoring and
regular menses (AEM). Thirteen patients (mean age 32 ± 6) met the study
criteria and entered the study. Pts underwent 48 hour AEM and determina-
tion of plasma concentrations of estradiol 17fJ and progesterone on day 7,
14,21 and 28 of their menstrual cycle.
Autonomic Effects on Nodal Conduction as
Assessed Before and After Radiofrequency
Current Ablation in Patients with Atrioventricular
Nodal Reentrant Tachycardia
Matthias Antz, Riccardo Cappato, Joachim Hebe. Christian Weiss.
Thomas Meinertz. Karl-Heinz Kuck. University Hospital Eppendorf, and St. Georg
Hospital, Hamburg, Germany
Reduced Reflex Vagal Activity in Patients with AV
Nodal Reentrant Tachycardia Compared to
Patients with Atrioventricular Reentrant
Tachycardia
Lawrence B. Rigden, Raul D. Mitrani. David P. Rardon. Lawrence S. Klein. Douglas
P. Zipes 1, William M. Miles. 1Krannert Institute of Cardiology, Indiana University
School of Medicine, VAMC, Indianapolis, IN
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Fast-slow (Uncommon) Form of Atrioventricular
Nodal Reentrant Tachycardia (AVNRT): New
Classification Based on the Site of the
Retrograde Slow AV Nodal Pathway
400 0
u • Control
OJ 300 ~ A1 A1 A2rJ) I I Ig
(') 0 Facilitation
J;= 200 A1 A1 A2 A3(')
« I I I I
-- o·('IJJ;= 100 ~I()ri)('IJ« 0
0
100 300 500 700 900
H1-Ai H2-As (msec)
Hiroko Nawata. Naohito Yamamoto, Kazumasa Hiejima, Fumio Suzuki. Internal
Medicine I. Tokyo Medical and Dental University, Tokyo, Japan
During fast-slow (uncommon) form of AVNRT. anterograde conduction oc-
curs over the fast pathway (located at the anterior septum) and retrograde
conduction occurs over the slow pathway (located at the posterior septum).
Thus, in this variety of AVNRT retrograde atrial activation occurs first at or
near the orifice of the coronary sinus (CSOS). then at the low septal right
atrium (LSRA) in the His bundle recording site. However, retrograde slow
pathway may possibly be located at the anterior septum; in such a case. ac-
tivation of the LSRA would be earlier than that of the CSOS. To investigate the
retrograde atrial activation, 12 pts with fast-slow AVNRT (cycle length; 305-
535 ms)were studied while recording the electrograms of the CSOS and the
LSRA.ln addition, to investigate the location of the anterograde fast pathway,
programmed atrial stimulation was done from the CSOS (or proximal CS) and
the anterior high right atrium (HRA) during AVNRT. In all pts reentry using
concealed accessory pathways with long conduction times was excluded.
Results: In 6/12 pts CSOS activation during AVNRT preceded the LSRA ac-
tivation by ~10 ms (posterior type). in 3/12 pts LSRA activation preceded
the CSOS by ~10 ms (anterior type); in the remaining 3 pts (middle type)
those two sites were activated simultaneously (time difference ~5 ms). In
pts with posterior and middle type AVNRT. HRA stimulation during tachycar-
dia preexcited the His bundle and the ventricle via the fast pathway without
capturing the CSOS (i.e .. inter-atrial dissociation) but the dissociation was
not elucidated with CSOS stimulation. indicating that the anterogradely con-
ducting fast pathway is anterior to the retrograde slow pathway. In pts with
anterior AVNRT. CSOS stimulation (but not HRA stimulation) demonstrated
the inter-atrial dissociation. establishing that the anterograde fast pathway
is posterior to the retrograde slow pathway. In 6/6 pts with posterior and 3/3
pts with middle type AVNRT. P waves in inferior leads were deeply negative,
but in 2/3 pts with anterior type AVNRT, P waves were biphasic or shallow.
Conclusions: Fast-slow AVNRT could be divided into 3 types based on the
slow pathway location (posterior, middle Or anteriorl. In anterior type fast-
slow AVNRT. radiofrequency ablation using a posterior approach may fail to
eliminate the slow pathway.
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duction was assessed in 8 pts (7 f, 1 m, 52 ± 11 yrs) with common type
AVN reentrant tachycardia (AVNRT) before and after radiofrequency current
(RFC) ablation of the slow pathway (SP). AVN conduction curves and refrac-
toriness (ref) were analyzed during baseline and following i.v. administration
of propranolol (0.2 mg/kg) and atropine (0.04 mglkg) before (day 1) and af-
ter RFC ablation (day 2). During pre-ablation baseline state, curves consis-
tent with two antegrade AVN conduction pathways were observed in 4 pts
and with three pathways in 3 pts. Autonomic blockade (AB) produced new
dual patterns in 1 pt and annulled them in 2n pts, preventing from inducibil-
ity of AVNRT observed during baseline in 1; AVN ref was either unaffected
(5 pts). markedly prolonged (2 pts) or shortened (1 pt), with nonpredictable
changes of atrium-to-hissian (A-H) conduction interval curves. After RFC ab-
lation, AVNRT inducibility was abolished in all pts and dual AVN physiology
in all but 1 pt during baseline; ref of the fast pathway (FP) was reduced in
4n pts. AB after RFC exposed dual AVN physiology in another pt in whom
also changes in AVN ref and AH interval curves were produced.
Conclusions: Data from this study suggest that the electrophysiologic sub-
strate of AVNRT is more complex than the one defined by a dual pathway.
Pharmacologic AB may expose otherwise unrecognized dual AVN physiol-
ogy without consistent ability of inducing AVNRT after RFC ablation. AVN
ref and A-H conduction do not present predictable behavioural patterns in
response to either AB and RFC applied to the posterior-inferior approach to
the AV node.
dergoing an electrophysiology test, a double atrial Egm was recorded in the
high, lateral right atrium, mid lateral right atrium, right atrial appendage or
the right atrium-inferior vena cava junction. The two atrial Egm components
were 54 ± 15 msec apart at baseline. In each patient, critically timed atrial
or ventricular premature depolarizations resulted in complete block between
the second atrial component and the ventricular Egm, advancement of the
ventricular Egm without altering the timing of the second atrial component,
and advancement of the second atrial component by 10-35 msec without
altering the timing of the first component. In no case could complete block
be induced between the two components of the atrial Egm. In conclusion,
among the four criteria proposed to validate anterograde APP's, the only one
which may be specific for an APP is the induction of complete block between
the atrial Egm and the APP.
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Immediate Heart Rate Response to Orthostatic
Stress During ,a-blocker Therapy for
Vasodepressor Syncope
1977-70 I Spiral Wave of Excitation as a Mechanism of
Functional Reentry In the Isolated Atrium. A New
Model of Atrial Reentry
Kenneth M. Stein, Steven M. Markowitz, Erica D. Engelstein, Neal Lippman, Bruce
B. Lerman. The New York Hospital-Cornell Medical Center. New York, NY
Although Ii-blockers are preferred agents for therapy of vasodepressor syn-
cope (VDS). they are not uniformly effective and their mechanism of action
is incompletely understood. Since we have previously shown a differential
therapeutic response to Ii-blocker therapy between pts with isoproterenol-
independent [iso( -)] and isoproterenol-dependent [iso( +») VDS during tilt ta-
ble testing we sought to determine whether this was due to a differential
heart rate (HR) response to orthostasis during Ii-blockade. We therefore ex-
amined immediate HR and blood pressure responses to upright tilt before
and after initiation of therapy with atenolol (12.5-50 mg daily) in 62 pts with
VDS and positive tilt tests. The protocol comprised upright tilt (60°) for up to
60 min followed by repeat tilt for 15 min during isoproterenol (iso) infusion.
Supine HR, mean arterial pressure (MAP) and pulse pressure (PP) were de-
termined as the mean of 3 consecutive 1-min samples during supine rest;
orthostatic HR, MAP. and PP were the mean of the samples recorded in the
first 3 min after upright tilt (before infusion of iso). Response to atenolol re-
quired completion of tilt with and without infusion of iso. There were 15
iso(-) pts and 47 iso( +) pts. The groups did not differ significantly in blood
pressure response (MAP. PP) to orthostasis. Supine HR fell and the t.HR in
response to orthostasis was blunted during therapy in both groups:
Supine HR
Orthostatic t.HR
Baseline (Mean ± SO)
Iso(+) Iso(-) P
69± 13 68±9 NS
8± 7 12±9 NS
Rx (Mean ± SO)
Iso(+} Iso(-}
57 ± 9 58 ± 8
3±5 3±4
p
NS
NS
Takanori Ikeda, Takumi Uchida, Peng-Sheng Chen, John J. Lee, Wei Fan,
Dustan Hough, William J. Mandel, Hrayr S. Karagueuzian. Division of Cardiology,
Cedars-Sinai Medical Center. UCLA School of Medicine, Los Angeles, CA
Background: Functional reentrant excitation in atrial tissue (i.e., reentry with
no central anatomical obstacle) was proposed to be caused by the "leading
circle" mechanisms (Allessie's model). According to this concept, there is
no excitable gap and the central core of functional conduction block (FCB)
results from continuous centripetal invasion of wavefronts that prevent the
cells in the core to recover. Hypothesis: The mechanism of functional reentry
in atrial tissue is caused by a spiral wave with an excitable gap and a central
core of FCB caused by the steep curvature of the spiral wave tip. Methods:
Blocks of 3.0 by 4.0 cm of canine left and right atrial tissues (N = 3) were
mounted in a tissue bath with endocardial surface up and reentrant activity
initiated by premature stimulation and/or by rapid pacing and acetylcholine
(10-6 to 1O-5M). Isochronal activation maps of the induced reentrant exci-
tation were constructed using 512 bipolar electrodes with 1.6 mm interelec-
trode distance and were also displayed dynamically on the computer screen
to visualize the pattern of activation. Results: Ten episodes of both nonsus-
tained and sustained atrial reentry was induced and mapped. The induced
reentrant activity was clearly a spiral wave with a rotation period of 184 ± 74
(110 to 350) msec and rotating in a counterclockwise direction in all. The area
of FCB in the central core of the spiral wave was caused by the steep curva-
ture of the tip of the spiral wave that was excitable during regular pacing but
not excited during the spiral wave activity. Spiral wave activity could be termi-
nated by electrical stimulation indicating the presence of an excitable gap.
Conclusion: Functional reentry in normal atrial tissue is caused by a spiral
wave of excitation with an excitable gap.
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11 iso(-) pts (73%) had a therapeutic response to Ii-blockade compared
with 46 iso(+} pts (98%, p = 0.01); the orthostatic t.HR in the iso(-) pts who
failed Ii-blocker therapy was no different from the response in the patients
with a therapeutic response. Conclusions: The HR response to orthostasis
is comparably blunted after Ii-blockade in pts with iso{-) and iso(+) VDS,
indicating that failure to respond is not due to inadequate Ii-blockade and
suggests that in some pts iso-independent VDS may be independent of a
cardiac Ii1 receptor mediated mechanism.
Assessment of Pacing Maneuvers to Validate
Anterograde Accessory Pathway Potentials
Mark J. Niebauer, Emile G. Daoud, Mark Harvey, S. Adam Strickberger, K.
Ching Man, Rajiva Goyal, Mark Castellani, Frank Bogun, K.K. Chan, Fred Morady.
University of Michigan, Ann Arbor. MI
Four pacing maneuvers have been proposed to validate anterograde acces-
sory potentials (APP): 1) atrial pacing to induce complete block between the
atrial electrogram (Egm) and the APP; 2) atrial pacing to induce complete
block between the APP and the ventricular Egm; 3) ventricular pacing to ad-
vance the ventricular Egm without altering the timing of the APP; 4) ventric-
ular pacing to advance the APP without altering the timing of the atrial Egm.
The purpose of this study was to determine the specificity of these validation
techniques by applying them to split Egm's known, based on the location of
the recording site, to consist of two atrial components. In 23 patients un-
Conduction Patterns of the Sinoatrial Node and
Perinodal Region Demonstrated by an Optical
Mapping Technique
Dane E. Douglas, Kenneth W. Hewett. Paul C. Gillette, David S. Buckles. Medical
University ofSouth Carolina, Charleston, S. C.
Studies of the conduction patterns within the sinus node region have been
limited to extracellular surface and intracellular microelectrode techniques.
Even with multiple electrodes, data is limited to a finite number of discrete
points within the tissue, thus pacemaker shifts, entrance block, and ante-
grade versus retrograde conduction differences have not been completely
elucidated. To study the entire sinus node (SAN). functional perinodal bound-
ary (FPB). and crista terminalis (CT) tissue preparation, we use a 144 element
photodiode array recorded simultaneously with bipolar sensing and pacing
electrograms. A wide margin of right atrial tissue including the interatrial
septum (lAS), from an adult New Zealand white rabbit, was dissected and
viability maintained by superfusion of 37"C, 02 enriched Krebs. The tissue
was stained with 2 mM di-4-ANEPPS, a voltage sensitive, optically active
dye. The isochronal activation patterns are constructed by linear interpola-
tion of times in the image space between photodiode elements (625 iLm).
Each isochronal band represents 1 ms. conduction time. Single decremental
premature stimuli (560 ms) were delivered into a sensed sinus rhythm (900
ms) at the inferior CT (STIM).
